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(54) ULTRASONIC FLOWMETER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a stability of a 
zero point by a temperature change by constituting an 
ultrasonic vibrator to reduce effects of the temperature 
change to measured results in a state without a flow. 
SOLUTION: A driving circuit 5 drives an ultrasonic 
vibrator 2 under the control of a control part 10 and a 
timer 8 starts measuring a time. An ultrasonic pulse 
propagating in a flow rate measurement part 1 is 
received by an ultrasonic vibrator 3 and, a reception 
detection circuit 7 sends a reception detection signal to 
the control part 10. After the process is repeated N 
times, a propagation time t1 is operated from a 
measured time of the timer 8. Thereafter, a switching 
circuit 6 switches to make the ultrasonic vibrator 3 
transmit the pulse, and a propagation time t2 is obtained. 
A flow rate is calculated from a flow velocity operated 
from the propagation times t1 and t2 and, an area of the 
flow rate measurement part 1. At this time, a zero point 
varies depending on a temperature due to an effect of 
an unnecessary vibration mode in a state without a flow. Therefore, the ultrasonic vibrators are 
constituted to make different resonance frequencies of the unnecessary vibration mode of a 
piezoelectric body and a case. An effect of a temperature change is thus reduced and the zero 
point is stabilized. 
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[ia®©fflm^ci»w] 

ria 1 ] ^mwomfaw 1 {c*j^sa^«£ath©^'n 

30 [132 ] |aJ?j£Stf-(Cte(,i-CM«tSc^d f 2*^0 kHz©fcg 
[S3 ] PJiifcfiitfCteC^'CjgjStfcllcl f 2** 1 kHz©*§ 

[04] inissaw-fctet^r ®?g$fcg d f 2 *t 5 khz©*§ 

[05] Hi«iftcfet*Sfi9imtt?-<DgTSBI 

[06] Biijfeatbtctewsa^&Jis&T-ottTffiia 

[07] BISMSbCctettSEEKl* dEHttH) ©WWS4» 
40 [08] imSffiibCtteWSEESffc ©-f>f-f 

[09] raaatiHctoits£E*<* ©Y>t- 

^>x#t40 

[010] H«S»Kfcl»Ttt*©BE«tt*ffll>raiJ}e 
L/c!|*f40 

[011] PKUtb(C4sC»'rmWfK>BE«»«ffiC»Xfli| 

[012] *&w(ommM2iciavz>M^$imm*<Dm 

[B0 

50 [013] &mM<Dmmm 3 k*j w iitm^ 
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5 5cfc»5 ffl^^ ^ CD K 
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[018] mattmwfr<D&jm3<mwB 
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(51) Int. a. 7 tiSUia-^ 
H 0 4 R 1/44 3 3 0 

3/00 3 3 0 

17/00 3 3 0 



F I 
H04R 
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3/00 
17/00 



3 3 0 D 
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3 30 Y 



(72)^^ mm 

AR^^SrfJ^nSiooe^itfi ftTlS 

(72)%^^ fcm mm 

*^F«rl7*^Pmi006^itiJ feTl^ 
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[HffH] ^Fg!cl6^8^26H C2004.8.26) 

[ £ l§ # ] # H 2000-298045 (P200O-298045A) 
[£H§B] ^12#10^24HC2000.10.24) 

[mJM#-^] #11^11-106243 
[BIS#fHfr«U&7 JK] 

G 0 1 F 1/66 

B 0 6 B 1/06 

H 0 4 R 1/44 

H 0 4 R 3/00 

H 0 4 R 17/00 
[F I] 

G 0 1 F 1/66 Z 

G 0 1 F 1/66 10 1 

G 0 1 F 1/66 10 2 

B 0 6 B 1/06 A 

B 0 6 B 1/06 Z 

H 0 4 R 1/44 3 3 0 D 

H 0 4 R 3/00 3 3 0 

H 0 4 R 17/00 3 3 0 Y 



[^^ctiiE^] - ■ - 

[JltBH] TO15^8^7B (2003.8.7) 

wmiE i ] 

mw<D%m m^mm^: tzK*m^tz mmmm *tt 

im^-m3] <n rtins x. i twmmw \zmm^ * m l ft apt i faM<oig^?« 



[is*«6] ±^^ii!iM^Mj2 fcijg&^iii^ffi^jg i&m.nm&n&mmw'* 
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mm ^(pmiixv) mm taottfo^ taut as tjtMLtz m^mmm it 0 

[0 0 0 1 ] 
[0 0 0 2 ] 

Qt&ZcDmiDM^tiLtitMtfKl*, Wx.tf#Pi¥9 - 1 3 3 5 6 1 #^^^D £ tlX & *) . 
«4*i^#M^*?)fij£ (TO) t^ffl^^#tlU3e3fE^60SJKW^ (Tsv) 

to/ts v^iE^t L-cmm^m&m^Mtbx^ tz 0 

[0 0 0 3] 

[l§$!#Wi£L <£ k. -$~ £> MM] 

X* 0 K-t & Z. t it SiT\ ?SJ* M J; Z> -tr a <^>£ 5E'ft7H# £ & t v> IS® ^ L 
[0 0 0 4] 

[0 0 0 5] 

[0 0 0 6 ] ... _- - 

[0 0 0 7] 

[0 0 0 8] 

[0 0 0 9 ] 

[0010] 

<0£5E'l££lR]_b£-£& it* 1 "?^, 
[0 0 1 1 ] 
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ttft»<-)ftaJ: ottEftLfcfc fc. ^F^«K)^- K^IB**tei*"CS«JK3tffcfc J: &-tfn,ft 
[0012] 

[0013] 

[0014] 

#$&9§ o^8oii^ j@ it i± , a aa *i & «e * ai g as ^ ^ <p me * a g 

[0015] 
[00 1 6 ] 

- mmm 1) ^ 

mfeffiitTbmfi&ffimmfcffi, 2 > 3 liXMsg&s 1 ^m^co^^ic^ u^k^ir] lt 
iz$&m®& 4 Kmmz Km^wimm?- 2 , 3 ^mmt^mmm^, 6 um^m-r^m^^ 
jvx<7)f5^^w^it?ifj-r^ 9 ji^-*^ 8 omtix loffim&mn-t&mnffi, 10 

[0017] 

5 0 OkHz<*>#Bifc&§MlU IEibia»7"CJ±5iaiiltt4^'|g^6)3B ; ffjft*ift ; ?-2*« 
[0018] 

Ritylil ft 5 »i^H*&'©-^*5:»t* £: e^Mlfijd 1 2 *tt»U M^ifc^u* 
ti7t0 ; tjfe/N";v^(±®^mMt!j^3-em^:#^-tc^m$tL. M*fefcjiai&7K: 

B»M t d»a«fel^WO r «»ia » 5 »-3»fll A 2 HI gc7)it7fiij^^f d o £<7>«J 
fE*NIS«bELfcm. ^8 £1¥ih£-«o JS«8& 1 0 "Ctt * -f "V 8 TfflfljE LfcBSKI «r 
M5e®^N-ef!l>9 , iSMB#H t d *5lv»T^«^M t 1 * 
[0019] 
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mm* 2 -^^mT^afmimmm^L, &m&9-cfcWLi&m t 2 „ 

[0 0 2 0 ] 

Y&mW)*3 <o*<b>&:mjsim.£<ofiBt*: e t-rzt, mmmm ti, 1 2 

t 1=L/ (C +Vcos0 ) ( 1 ) 

t2 = L/ (C - Vcosfl ) ( 2 ) 

-C^cStl&o (1) (2)^>)tSC»LT, HV^it 
V = L / 2 cos 0 (1/t l-l/t2) (3) 

rt s ~#<b*L& 0 L, (9 li@Wa-e£&o-e t 1 t t 2&fflfe-t-tuim&Vib*jfL»bhtiZ><> £<o 
*fl5Vfc«*«lS&g&l<aiitf**S, *f!E#&£K ii"*L^, »Qfi 
Q = KSV (4) 

[0 0 2 1 ] 

;v*£S«Lfc®W^^IB^3^«l&I$WrtMS^i$W t 1 «t *) fcSv^^> B^HffifliJ^fe 
icoMt^ f 2 t t, ttM*18iM,K-f2>?zsbi 1, £ 2 {iig^i-&IE££$Et U ^FUM 

i&*>«i|ib£ a ^*3f 2 1* ji^ifisfc^-rtt^^u. ^-<^ia«sfe^*d f 2 tt^> 

Pt-= L-/ (331+0.6 •, T) - - _ ... (5) 

[0 0 2 2 ] 

Rl=sin \2 X fl- Ct-PtDi +AsinC27r • f 2 • t) (6) 

R2=sin \Z K - fl- Ct-Pt)i + Asin \2 K • Cf2 + df2) - t| (7) 

t-t2> 0 C6X (7) 5£<£ *?i§JS?T£^;L*: t I^R 1 , R 2 rt* 5 HI @ K-tfn £ 3c^^> 
B^M t 1 , t 2 (3) ^Srffl^T-aEiSrlftfJ-rio f 1*5 0 0 kHz, f 2 * 2 

0 0 kHz, A*- 6 0 d B <t LT, d f 2 0 kHz, l kHz, 5 kHz^cDftJMg^S: 121 2 ~ 4 

[0 0 2 3 ] 

m2<DXdK, f 2 i:f ti^iv>l^l±, S.m.\z£&-Vu&<n&mi±ILhtitt\'-'o — ^d 
f 2>o s lkHz, 5 kHz-e^^,[H3 1 1214 -efi, i&JK «t «9 -If n ,&ri s jg»Iift£^i& LT 0 

[0 0 2 4 ] 

1 <5DfllS£<7)— ^J£I2J 5 > i^jS^MMib^ 1 1 Kffl^£J±m#:£Hl6. 7 ^^i"o jfrtift. 

mih^- 1 i (ij±m#; 1 2 1^--^ 1 3 ts^js 1 4 , 1 5 ^e>** 0 1 3 k 

fiff^O. 2imi(7)X-r > l^Srffl^, S|S3:a*8j3mni: J: ^iJUt^o iCD^r-^. 
1 3KM^tz 1 5/i»t*^«?#»i-^B^oKarf»*tS:^rlS5?^Srffl^Tff-9 b 2 0 

1 S^ 3 *t 8 rrm<7)iE;fr^-C\ ^S# s #j2. 7mmi:-r*o £<£>B#c<aJE^I#: 1 2 tfiUfiEMRrC I 

^V>«T\ M6 <D «fc 9 KEE«te 1 6 Kffi§<0?# 17*3^ 121 7 <?? J: d HBE«#: 1 8 

<7>7# 1 9 *8£»t. «EMfibflr^*«Jft t-T&o £*Le>»JftOEE«# 1 6 , JEM-t$ 1 8 
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co-t y m - yy^'\^m 8 > ia9^^-r 0 n 8 > t° - ^ > 2 0 0 kHz# 
&^7f^M.W}*~ vey&m&fLhfr&o ztLKttL.m 9 <D-f y \s-y vx^'fe-cte 2 0 0 

[0 0 2 5 ] 

L^I&I&^IS 10. Hill Kfjk-to m 1 0 -etiS^^b^ J: V) If v 
[0 0 2 6 ] 

-LfS^JP: ct >K J±m*l 2<7)7F^«J^- W&mfflWi&kT-x l 3 (7>*MMI?&£b!> s i£ 
[0 0 2 7] 

tz&^MM ix^±mmnw\K^y ?T7*>y f&^^v^ t ±ib^#^i?b^$ tL 

[0 0 2 8] 

U^ifo^K £ £^^t!j^<7M£fflMI$E$:£ 5 0 0kHz, 2 0 

OkHzttTt^. _t|E*#KR&5£3 tLS^blt-e^ < . «IWt(iMt^tl(f 1 0kHz- 
1MHz, j&#-Tr&*U±* 1 0 0 kHz- l 0 MHzfl^cotEH^— «£«J^-g>o £ /iUmti^mte 

[0 0 2 9] 

2 ) 

WT\ ^B^^^M^iJ 2 Ko^T. lil^ilL^ibllt^o 121 1 2 it^MM 2 <Djg 

^•MMSj^-<7>ifMlll-e*^o 2 0l±i^I», 2 211^-7, 2 3\±m^m, 2 4 it 

[0 0 3 0 ] 

f!lx.tfil#l. 5 mm, ^ £ 2 . 7 imicT) RtetKcT) 9 %L<Vj±m& 2 1 , 2 3 £^ - 

^22 <7)?c$|$^^i^5ELT, 2 4 2 2 ^M^vt^-T^o &mfo 2 1 "CtA 

T&^mt&^^^MKjt-rttt^ j±m^2 i (D^mmm^- v^mm^^Lt^--^ 2 2^ 

[0 0 3 1 ] 
[0 0 3 2 ] 

mmm 3 ) 

^mmm?-<vWMx*&z> 0 2 5 2 6t*j±m-fr, 271*^-*, 29^ 

Mt, 2 7 0ftj&1HI1iitclW&Mt2 7 *88!»tfcA-C**o *fetftf^lSa»43feHl«l 1 t m 
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[0 0 3 3 ] 

Mz.tfm&tfO . 3 imrC(iH?&« 2 . 5 rm\(D7s ■? > V 7^ V > Vfr h & *fli!l«# 2 7 5* *r - 7, 

-c, j±m#2 6 t$ij«#2 7 {±^g*L^v>i: $ nfli^-r^o &%-m 2 3 ta^^3 0 
<9#itT> ^^i&^2 EEm#2 6 <d^&W)*- r<D^mmmmt m 

8 K^-TJ: i Kfa2 0 0kHzT^,^> o - ^ 2 8 f±f|Hl&# 2 7 £ fltz tz #K fi^ 

ifiJDU *«JSiK8fc5&«2 0 OkHzj; ») tfiJSjfttt hf&o $ <b KUKttt ln]±tS tz 

tb, Ml&LK < < 
[0 0 3 4 ] 

Lfc3£Sfc"C»i\ *jfctffllO|2ll 1 t »3EW^Lv»iB** s »e>*tfc„ H±© «fc ? KBES-ft^ 6 
2 0 0 kHzo^^iStfr^e- Ki^oTt, ^r-X2 8 fc. W#3S*fe & & $UM# 2 7 

itTJ±®4*2 6<30^^«ttf*~ K<7>JS«&fcllfc «t 9 ttiuf, i&JK 

R£lh-C£> *JW#](Htt'bl«[FJi-Cg4o 
[0 0 3 5 ] 

3 TfiltoHRfl^ 7 tif?^^ s 0 . 3 mrrcffl*' 2 . 5 mm?) ^ -r -y V 7. M x ) > V t L 
*tSI. »iMLt<t <. fcfflffcfc^o *fciwm#2 7£ 

[0 0 3 6 ] 

4) 

[0 0 3 7 ] 

±t#D£-£T. fl«ig^**JtiIl$-ar*f^fflS:^ri-o ^-X3 4i:ffI#3 2tM3 5«: 
«?*U 3 6 £fl^U^L 3 4 ^fliC*^ > ^"r--f*®M 

^#ttT$tjm#3 3^«fiK-r^.o jB^at^sfr^F- 3 1020 okHztt^^ysti. wk#3 

[0 0 3 8] 

-hia^^jg^^igtb^-s 1 *fflv>fcjfiw«aE*w-"ciaflFKfl:^J:**n J FS^>sE«i*aiiie 

L^^-eti. *jfii«llOBIl 1 I, i/»SBr*5&«# W±co <fc ? i:E§#3 2 

«b^-^34(± 200 kHzCD^^MHi^- K***oT 4>s ^-X34 fcptkfc^k * *>1M 

i-^,^<b>6 5 ^^&o ? t>H«II«#3 3 Ji^Hftc?*^^*, jB^ftSifr^S 1 

[0 0 3 9] 

^fc^ife^!i4 -e(i^ij*g#3 3 ti^ 1 ; -r ^ Kt ->y -sT-~f* 

3 4 (7)^^^F*]M^=rA^sv>{i^JM^^ ir*Jfc* LTMLT^i^^o 
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[0 0 4 0] 

(Mnw 5 ) 

^Mifc^<oifffilll-e&&o 3 7 fi®#$dg|HK 3 8 J±J±m#. 3 9 1^^^ 4i(i 
3 9 <Dmm^ J r~7. 3 9 <7> |i#r£ £ ^ *t> & 1 |W)>kR*£<7>#f «9 ffllf £B 4 0 

^istt^^-r^^o ^^Sj-f^safi^Jfe^J i t [wi^^<7)-e^B&-r-i>o 

[0 0 4 1 ] 

!¥<&0. 2^0^^^ l/^^^ib^S^^-t-^.^-^ 3 9 ^rfiJcMinXi-^o £<0t§;. M 
MK Ji^SILt Iwj^R^oiff <9 ffltffM 0 £|W]m~l&SijnX-r&o %M^J*lMffl^J±mte3 
8. ^S«^fi^©4 l£3g*@5£L, iS^*:4 2 ^l^LTit«i^3 7 Zffl. 
fr&X&o ^-X39 ti^ife^J 1 <Dt--X 1 3 L"CV>4^ iff <9 ffitf^S 

4 0^IS:tt P>tLfc7ta6|S|iJ'r4^^;Lffl!)S?l5ti»bH < < Stc*-* 3 9 <7>;&IEMI 

i£$tl±2 0 OkHzJ: «9 i^J|«i(Cy7 h J±m#3 8^^^Mlij^e- h°<Dm$i$ktl$ 
mti:2>mWLWLtti:2> 0 Zl<D X ? KJ±m#3 8C2 0 0 kHz<7);F^*gltj^ - Ktf^&LTfc 
. #f9ffi*f§|54 0^IS:ttT^-^3 9 ^BJI'i^it^^-^tttf. <7--X3 9H$1JM^^^<7) 

[ 0 0 4 2 ] 

&*>*ifc#)5-eiiiiT t9 ffiifSlu o ^5e^LLIwi^R^ic«^-r^ t L/c^, tf*)mfffl4 0 

{4 2 ^^TJ^_h|g:^Xt A< , Mix. if [3 1 6 iZTfkTJ: 9 fc, jg&CQ fcT- K 4 3 [3 1 7 K 

HI 8 <D <fc 4 5^Eg^^^^^L7t»t^* J: 9fifcSiPX-r& t^-^ic 

ft^S ttTtJim^^riqj^fe^^ J: 9 \z.tt 19 , ^MOSe^ 1 ^<7>MU&UM, t te& 0 

[ 0 0 4 3 ] 

^ 5 0 0 kHz, ^WIgKl/g-}£$t£ 2 0 0 kHz t L/c 7^, fS^f ^BEm^B^-^mMl^- K 

<nx ^) mmmm^yfmmmmm^mit-r & ^ t at 9 £ -e^^v> 0 

[ 0 0 4 4 ] 
[0 0 4 5 ] 

^ffiriB^r-^^4fcMJglY^^S^^J51M^-e^^ J: o til fife Lfcfcab, ^ 

[0 0 4 6 ] 

[0 0 4 7 ] 
[0 0 4 8 ] 
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[0 0 4 9 ] 

g -it & £ t £ & „ 
[0 0 5 0 ] 

g -fr & £ £ rt*-e £ & „ 
[0 0 5 1 ] 

[0 0 5 2 ] 

^M^Bi^j:. HfrfS^^M/^JV^<^<£^^M^ilUfe-r^> ^ ^ £ , Tiff fglggft III l& £ filfa 

<7)&fe'l*fe£|nl.kg-e& £ £**-C£ 
[0 0 5 3 ] 

[0 0 5 4 ] 

mmm^- E&mMJkj B&st&it tu-en sstt ^ft-h^-ar^^t * 5 -e # « 0 
[0ra<*>iflM£fc^9n 

[0 1 ] ^^<7>*^^!1 1 ^^lt&®^»{L*ft0^a y ^0 
[El 2] ra3K*tf-KJ8v>TfflatJfe36d f 2 a*OkHz<^S§^Ko^Tft#L*#'|*fe0 
[1213] |WI0ft*ft^*5V^TjgiK^:Md f 2**1 kHzcr>^^^o^-rft^L^:#t4[2l 
[1214] H3tt*tf-fcJ3HTJS«8Hi£d f 2#5kHz^S§^o^Tft$t^*#'l*fe0 

[[216] |im*ftK*3tf &@^i£Mift^<7>#f®l2l 

[121 8 ] ram it ^ *3tt^ mm* mm) <Dj>*z-y>x *h*0 

[1219] H3K«ft-fc:*M**JEE*fl: (flMftW) 0--f > tf- ^ > *#'|40 
[1211 0] P!ilE*W-H*v»TilK»OJE«'fr*ffl^TillS6Lfc#1ftlH 

[1211 1] rafflE*wt*v>TjK*»<^jEm-»*ffiv>"riii5eLfc«Fi4ia 

[012] *|&M©*ifilfO 2 K&ifZ>M s gVL&8l¥9>W(WB 
[HI 3] *»MO**«3 ^^ttiMftJRU^BflBH 

[1211 4] ^c%9io%ttM4 ^^if^m^^mm^mmm 
mi 5] 5 fc^n-sja^ftSft^BfiaH 

[016] I^W&MiN^^BF!) 1 co®fffi0 
[0 17] IU@M«K)^-co^mi2 o1BfljB0 
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